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DETAILED ACTION 



Election/Restrictions 

Restriction to one of the following inventions Is required under 35 U.S.C. 121: 

I. Claims 1 -1 8 and 24-67, drawn to methods of processing seismic data 
involving estimating a time shift and performing amplitude correction and 
other corrections, classified In class 367, subclass 50. 

II. Claims 1 9-23, drawn to methods of processing seismic data according to 
time shifts with an emphasis of selection of time windows, classified In 
class 367, subclass 50. 

The Inventions are distinct, each from the other because of the following reasons: 
This application contains claims directed to the following patentably distinct 

species of the claimed invention: Group I and Group II. 

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species for 

prosecution on the merits to which the claims shall be restricted if no generic claim Is 

finally held to be allowable. 

Applicant is advised that a reply to this requirement must include an Identification 

of the species that is elected consonant with this requirement, and a listing of all claims 

readable thereon. Including any claims subsequently added. An argument that a claim 

is allowable or that all claims are generic Is considered nonresponsive unless 

accompanied by an election. 
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Upon the allowance of a generic claim, applicant will be entitled to consideration 
of claims to additional species which are written in dependent form or otherwise include 
all the limitations of an allowed generic claim as provided by 37 CFR 1 .141 . If claims 
are added after the election, applicant must indicate which are readable upon the 
elected species. MPEP § 809.02(a). 

Should applicant traverse on the ground that the species are not patentably 
distinct, applicant should submit evidence or identify such evidence now of record 
showing the species to be obvious variants or clearly admit on the record that this is the 
case. In either instance, if the examiner finds one of the inventions unpatentable over 
the prior art, the evidence or admission may be used in a rejection under 35 
U.S.C. 103(a) of the other invention. 

During a telephone conversation with David Walker on 9/20/2004 a provisional 
election was made with traverse to prosecute the invention of Group I, claims 1-18 and 
24-67. Affirmation of this election must be made by applicant in replying to this Office 
action. Claims 19-23 are withdrawn from further consideration by the examiner, 37 
CFR 1.142(b), as being drawn to a non-elected invention. 

Applicant is reminded that upon the cancellation of claims to a non-elected 
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one 
or more of the currently named inventors is no longer an inventor of at least one claim 
remaining in the application. Any amendment of inventorship must be accompanied by 
a request under 37 CFR 1 .48(b) and by the fee required under 37 CFR 1 .17(i). 
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Claim Rejections - 35 USC §112 

Claim 44 is rejected under 35 U.S.C 112 Fourth Paragraph. U.S.C.1 12 Fourth 
Paragraph states: 

Subject to the following paragraph, a claim in dependent fonn shall contain a reference to 
a claim previously set forth and then specify a further limitation of the subject matter 
claimed. A claim in dependent form shall be construed to incorporate by reference all the 
limitations of the claim to which it refers. 

Claim 44 is dependent upon claim 43, but it does not further limit the subject 
matter claimed. Claim 44 has the limitation of utilizing the estimated time shift 
comprising a least squares analysis process. Claim 43 also contains this same 
limitation - "applying a least squares analysis process to the time shift of said seismic 
data traces." It is unclear as to how claim 43 further limits the process of claim 44. 



Claim Rejections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
states. 

Claims 1,2, 33-36, 39-40, 46-49, 52-53, and 59-62 are rejected under 35 
U.S.C. 102(b) as being anticipated by Ruehle. 

With regard to claim 1 , Ruehle discloses a method for processing seismic data to 
estimate a time shift comprising forming a gather of seismic data traces (Column 2. 
Lines 5-9). He discloses cross-correlating seismic data traces included in the gather 
within a time window to estimate a time shift in the seismic data traces (Column 2, Lines 
14-23). 
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With regard to claim 2, Ruehle discloses adjusting seismic data traces in a gather 
by the amount of the estimated time shift (Column 2, Lines 20-26). 

With regard to claim 33, Ruehle discloses estimating a time shift in seismic data 
traces comprising cross-correlating seismic data traces with a pilot trace comprised 
from a plurality of traces included in a gather (abstract; Column 2, Lines 8-25). 

With regard to claim 34, Ruehle discloses a method for forming a pilot trace 
comprising compositing a plurality of traces within a predetemnined spatial time window 
within a gather of seismic traces (Column 2, Lines 5-25). 

With regard to claim 35, Ruehle discloses using the estimated time shift in the 
seismic data traces for determining a time shift correction for the seismic data traces 
(Column 2, Lines 15-21). Ruehle's disclosure of determining the static time shifts for 
each trace by the estimation method of cross correlation is read as estimating the time 
shift for each trace. 

With regard to claim 36, Ruehle discloses applying the time shift correction to the 
seismic traces (Column 2, Lines 20-25) to form corrected seismic traces. 

With regard to claim 39, Ruehle discloses determining a surface consistent 
statics con-ection for seismic data traces (Column 1 , lines 39-46 and Column 2, Lines 
20-26). 

With regard to claim 40, Ruehle discloses a digital computer programmed to 
utilize seismic data traces obtained over a region of the earth's subsurface to perform a 
process comprising fomriing a gather of seismic traces, and cross-correlating seismic 
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data traces included in a gather within a time window to estimate a time shift in the 
seismic data traces (Columns 5-6). 

With regard to claim 46, Ruehle discloses the digital computer wherein the 
process for estimating the time shift further comprises cross-correlating the seismic data 
traces with a pilot trace composited from a plurality of traces (Column 2. lines 15-25). 

With regard to claim 47, Ruehle discloses the pilot trace further comprising a 
plurality of traces composited from within a predetermined time window within a gather 
of traces (Column 2, Lines 10-25). 

With regard to claim 48, Ruehle discloses the digital computer of claim 40 further 
programmed to perfomi using the estimated time shift in the seismic data traces for 
detemiining a time shift correction for the seismic data traces (Column 2, Lines 1 5-21 ). 
Ruehle's disclosure of determining the static time shifts for each trace by the estimation 
method of cross correlation is read as estimating the time shift for each trace. 

With regard to claim 49, Ruehle discloses a computer further programmed to 
perfomri a process comprising applying the time shift correction to the seismic traces 
(Column 2, Lines 20-25) to form corrected seismic traces. 

With regard to claim 52, Ruehle discloses determining a surface consistent 
statics correction for seismic data traces (Column 1 , lines 39-46 and Column 2, Lines 
20-26). 

With regard to claim 53, Ruehle discloses a system for processing seismic data 
to estimate a time shift comprising fonning a gather of seismic data traces (Column 2, 
Lines 5-9). He discloses cross-correlating seismic data traces included in the gather 
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within a time window to estimate a time shift in the seismic data traces (Column 2, Lines 
14-23). 

With regard to claim 59, Ruehle discloses the system wherein the process for 
estimating the time shift further comprises cross-correlating the seismic data traces with 
a pilot trace composited from a plurality of traces (Column 2, lines 15-25). 

With regard to claim 60, Ruehle discloses the pilot trace further comprising a 
plurality of traces composited from within a predetermined time window within a gather 
of traces (Column 2, Lines 10-25). 

With regard to claim 61 , Ruehle discloses the system of claim 53 further using 
the estimated time shift in the seismic data traces for determining a time shift correction 
for the seismic data traces (Column 2, Lines 15-21). Ruehle's disclosure of determining 
the static time shifts for each trace by the estimation method of cross correlation is read 
as estimating the time shift for each trace. 

With regard to claim 62, Ruehle discloses a system comprising applying the time 
shift correction to the seismic traces (Column 2, Lines 20-25) to fomi corrected seismic 
traces. 
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^ Claims 8-12 and 24-26 are rejected under 35 U.S.C. 102(b) as being anticipated by 

Thompson et al.. 

Referring to claim 8, Hiompson et al. discloses a method for processing seismic data to 
estimate time shift resulting from velocity anisotropy in the earth's subsurface, comprising: 
forming a gather of seismic data traces; forming a pilot trace by combining a selected plurality of 
the seismic data traces within a selected time window (coL 21, lines 35-36); and cross-coirelating 
a selected seismic data trace mcluded in the gather with the pilot trace to estunate the time shift 
in the selected seismic data trace resulting from velocity anisotropy in the earth's subsurface 
(col. 4, lines 22-32; coL 21, Unes 40-42; figures 6 and 10-1 1). 

As to claim 9, Thompson et al. discloses a method for processing seismic data to estimate 
time shift resulting from velocity anisotropy in the earth's subsurface, comprising: (a) forming a 
gather of seismic data traces; (b) forming a pilot trace by combining a selected plurality of the 
seismic data traces within a selected time window (coL 21, lines 35-36); (c) cross-correlating a 
selected seismic data trace included in the gath^ with the pilot trace to estunate the time shift in 
the selected seismic data trace resulting from velocity anisotropy in the earth's subsurface (col. 4, 
lines 22-32; col. 21, lines 40-42; figures 6 and 10-1 1); and repeating steps (b) and (c) until all 
seismic data traces within the gather have been cross-correlated with a pilot trace (figures 6 and 
10-11). 

Referring to claim 10, Thompson et al. discloses a method for processing seismic data to 
estimate time shift resulting from velocity anisotropy m the earth's subsurface, comprising: (a) 
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fonning a gath^ of seismic data traces; (b) forming a pilot trace by combining a selected 
plurality of the seismic data traces ivithin a selected time window (coL 21, lines 35-36); (c) 
cross-correlating a selected seismic data trace included in ttie gath^ with the pilot trace to 
estimate the time shift in the selected seismic data trace resulting from velocity anisotropy in the 
earth's subsurface (coL 4, lines 22-32; col. 21, lines 40-42; figures 6 and 10-1 1); repeating steps 
(b) and (c) until all seismic data traces withm the gather have been cross-correlated with a pilot 
trace (figures 6 and 10-1 1); and adjusting each selected seismic data trace by the amount of the 
estunated time shift in each selected seismic data trace resulting from velocity anisotropy (col. 
28, Unes 1-3; figures 6 and 10-11). 

As to claims 1 1-12, Thompson et al. discloses a method for processing seismic data to 
estimate time shift resulting from velocity anisotropy in the earth's subsurface fiirther comprising 
performing an amplitude variation with incidence angle and azimuth analysis on the adjusted 
seismic data traces (coL 2, lines 47-67 and col. 3, lines 1-3). 

Referring to claim 24, Thompson et aL discloses a digital computer programmed to 
utilize seismic data traces obtained over a region of the earth's subsurface to perform a process 
comprising the steps of : fonning a gather of seismic data traces; fonning a pilot trace by 
combining a selected plurality of the seismic data traces withm a selected time window (col. 23, 
lines 26-30); and cross-conelating a selected seismic data trace included in the gather with the 
pilot trace to estimate the time shift in the selected seismic data traces resulting from the velocity 
anisotropy in the earth's subsurface (col. 23, lines 34-36). 

As to claim 25, Thompson et al. discloses a device which is readable by a digital 
compute having instructions defining the following process and instructions to the computer to 
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perfonn the process: fomung a gather of seismic data traces; forming a pilot trace by combining 
a selected plurality of the seismic data traces within a selected time window (coL 25, lilies 27- 
3 1); and cross-correlating a selected seismic data trace included in the gather with the pilot trace 
to estimate the time shift in the selected seismic data trace resulting from velocity anisotropy in 
the earth's subsurfiice (col. 25, lines 35-37). 

Referring to claim 26, Thompson et al. discloses a device which is readable by a digital 
computer having instructions defining tiie following process and instructions to tiie computer to 
perform the process wherem the device is selected from the group consisting of a magnetic tape, 
a magnetic disk, an optical disk, and a CD-ROM (coL 23, lines 24-25). 
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Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
4 invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 3, 29, 30, 37, 43, 51, 56, and 57 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Ruehle in view of Crider. 

With regard to claim 3, Ruehle discloses adjusting seismic data traces by an 
amount estimated from a detennined time shift. Ruehle does not disclose performing 
an amplitude variation with incidence angle analysis on the adjusted seismic traces. 
Crider discloses perfomiing an amplitude variation with incidence angle on adjusted 
seismic traces (Column 12, Lines 45-65). It would have been obvious to one skilled in 
the art to modify the time-shifted traces disclose by Ruehle to include performing an 
amplitude variation based on incidence angle as taught by Crider in order to remove 
unwanted reflections from the data. 

With regard to claim 29. Ruehle does not disclose utilizing the estimated time 
shift to calculate the amplitude variation with incidence angle in seismic data traces. 
Crider discloses performing an amplitude variation with incidence angle on adjusted 
seismic traces (Column 12, Lines 45-65). It would have been obvious to one skilled in 
the art to modify the time-shifted traces disclose by Ruehle to include performing an 
amplitude variation based on incidence angle as taught by Crider in order to remove 
unwanted reflections from the data. 
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With regard to claim 30. Ruehle does not disclose using a least squares analysis 
process to utilize the estimated time shift to calculate an amplitude variation with 
incidence angle. Crider discloses performing an amplitude variation with incidence 
angle on adjusted seismic traces (Column 12. Lines 45-65). Crider further discloses 
^applying a least squares analysis process to reflection coefficient (amplitude) and to 
angle of incidence (Column 10. Lines 33-60). It would have been obvious to modify 
Ruehle to include performing a least squares analysis process on amplitude variation 
with incidence angle data as taught by Crider in order to obtain best fit values for the 
data. 

With regard to claim 37. Ruehle does not disclose performing an amplitude 
variation with incidence angle analysis on the adjusted seismic traces. Crider discloses 
performing an amplitude variation with incidence angle on adjusted seismic traces 
(Column 12, Lines 45-65). It would have been obvious to one skilled in the art to modify 
the time-shifted traces disclose by Ruehle to include performing an amplitude variation 
based on incidence angle as taught by Crider in order to remove unwanted reflections 
from the data. 

With regard to claim 43, Ruehle discloses the computer of claim 40, but does not 
disclose applying a least squares analysis process to the time shift of the seismic data 
traces to calculate an amplitude variation with incidence angle value. Crider discloses 
performing an amplitude variation with incidence angle on adjusted seismic traces 
(Column 12, Lines 45-65). It would have been obvious to one skilled in the art to modify 
the time-shifted traces disclose by Ruehle to include performing an amplitude variation 
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based on incidence angle as taught by Crider in order to remove unwanted reflections 
from the data. Crider further discloses applying a least squares analysis process to 
reflection coefficient (amplitude) and to angle of incidence (Column 10, Lines 33-60). It 
would have been obvious to modify Ruehle to include performing a least squares 
|inalysis process with the estimated time shifts used to calculate amplitude variation 
with incidence angle data as taught by Crider in order to obtain best fit values for the 
data with the computer. 

With regard to claim 51 , Ruehle discloses the digital computer of claim 49, but 
does not disclose further programming It to perfonn an amplitude variation with 
incidence angle analysis on the adjusted seismic traces. Crider discloses performing an 
amplitude variation with incidence angle on adjusted seismic traces (Column 12, Lines 
45-65). It would have been obvious to one skilled in the art to modify the time-shifted 
traces disclose by Ruehle to include performing an amplitude variation based on 
incidence angle as taught by Crider in order to remove unwanted reflections from the 
data. 

With regards to claims 56 and 57, Ruehle discloses the system of claim 53, but 
does not disclose utilizing the time shift of the data traces to calculate the amplitude 
variation with incidence angle. He also does not disclose utilizing the estimated time 
shift comprising a least squares analysis process. Crider discloses performing an 
amplitude variation with incidence angle on adjusted seismic traces (Column 12, Lines 
45-65). It would have been obvious to one skilled in the art to modify the time-shifted 
traces disclose by Ruehle to include performing an amplitude variation based on 
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incidence angle as taught by Crider in order to remove unwanted reflections from the 
data. Crider further discloses applying a least squares analysis process to reflection 
coefficient (amplitude) and to angle of incidence (Column 10, Lines 33-60). It would 
have been obvious to modify Ruehle to include perfomiing a least squares analysis 
process with the estimated time shifts used to calculate amplitude variation with 
incidence angle data as taught by Crider in order to obtain best fit values for the data 
with the computer. 



Claims 3, 29, 37, and 51 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ruehle in view of Herkenhoff. 

With regard to claim 3, Ruehle discloses adjusting seismic data traces by an 
amount estimated from a detemilned time shift. Ruehle does not disclose perfomiing 
an amplitude variation with incidence angle analysis on the adjusted seismic traces. 
Herkenhoff discloses performing an amplitude variation with incidence angle analysis on 
adjusted seismic data traces (Fig. 3,4,7,8). It would have been obvious to modify 
Ruehle to Include performing amplitude variation based on incidence angle as taught by 
Heri^enhoff in order to easily follow changes In amplitude that would allow determination 
of characteristics of a hydrocarbon well. 

With regard to claim 29, Ruehle discloses adjusting seismic data traces by an 
amount estimated from a determined time shift. Ruehle does not disclose performing 
an amplitude variation with Incidence angle analysis on the adjusted seismic traces. 
Herkenhoff discloses performing an amplitude variation with incidence angle analysis on 
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adjusted seismic data traces (Fig. 3,4,7,8). It would have been obvious to modify the 
utilization of the estimated time shifts disclosed by mie Ruehle to include perfomriing 
amplitude variation based on incidence angle as taught by Herkenhoff in order to easily 
follow changes in amplitude that would allow determination of characteristics of a 
^hydrocarbon well. 

With regard to claim 37, Ruehle discloses adjusting seismic data traces by an 
amount estimated from a detemiined time shift. Ruehle does not disclose perfomriing 
an amplitude variation with incidence angle analysis on the adjusted seismic traces. 
Herkenhoff discloses performing an amplitude variation with incidence angle analysis on 
adjusted seismic data traces (Fig. 3,4,7,8). It would have been obvious to modify 
Ruehle to include perfomriing amplitude variation based on incidence angle as taught by 
Herkenhoff in order to easily follow changes in amplitude that would allow determination 
of characteristics of a hydrocarbon well. 

With regard to claim 51 , Ruehle discloses the digital computer of claim 49, but 
does not disclose further programming it to perfomi an amplitude variation with 
incidence angle analysis on the adjusted seismic traces. Herkenhoff discloses 
performing an amplitude variation with incidence angle analysis on adjusted seismic 
data traces (Fig. 3,4,7,8). It would have been obvious to modify Ruehle to include 
performing amplitude variation based on incidence angle as taught by Herkenhoff in 
order to easily follow changes in amplitude that would allow detemnination of 
characteristics of a hydrocarbon well. 
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Claims 4. 27. 31, 38, 41, 45, 50, 54, and 58 are rejected under 35 U.S.C. 103(a) 
as being unpatentable over Ruehle in view of Ruger. 

With regard to claim 4, Ruehle does not disclose performing an amplitude 
variation with azimuth analysis on adjusted seismic data traces. "Variation of P-wave 
reflectivity with offset and azimuth in anisotropic media" by Ruger discloses perfomiing 
amplitude variation with azimuthal analysis on adjusted seismic data. It would have 
been obvious to modify the time shifted traces of Ruehle to include performing 
amplitude variation with azimuth analysis as taught by Ruger in order to gain 
infonnation relating amplitude to the coordinate system of the underground fomriations. 

With regard to claim 27, Ruehle does not disclose utilizing the estimated time 
shift of the seismic data traces to calculate an amplitude variation or a velocity variation 
with azimuth value. Ruger discloses variation of P-wave reflectivity with offset and 
azimuth that deals with amplitude variation. It would have been obvious to modify 
Ruehle to utilize the estimated time shift of the seismic data traces to calculate an 
amplitude variation with azimuth as taught by Ruger in order to check the accuracy of 
the data taken for a certain underground structure. 

With regard to claim 31, Ruehle does not disclose utilizing the estimated time 
shift, reflection coefficient, source-receiver azimuth angle, and incidence angle for the 
seismic data traces to calculate an amplitude variation with azimuth. Ruger discloses 
utilizing reflection coefficient, source-receiver azimuth angle, and incidence angle for the 
seismic data traces to calculate an amplitude variation with azimuth (Abstract, page 
939). It would have been obvious to modify Ruehle to include utilizing the estimated 
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time shift and reflection coefficients to include utilizing the source-receiver azimuth 
angle as taught by Ruger to calculate an amplitude variation with azimuthal angle In 
order to help find the orientatton of the natural coordinate system of the subsurface 
(Ruger, page 940). 

With regard to claim 38, Ruehle does not disclose performing an amplitude 
variation with azimuth analysis or a velocity variation with azimuth analysis on the 
corrected seismic traces. Ruger discloses perfomning amplitude variation with 
azimuthal analysis on adjusted seismic data. It would have been obvious to modify the 
time shifted traces of Ruehle to include performing amplitude variation with azimuth 
analysis as taught by Ruger in order to gain infomiation relating amplitude to the 
coordinate system of the underground formations. 

With regard to claim 41, Ruehle discloses the digital computer of claim 40, but 
does not disclose programming it to perfonn a process comprising utilizing the 
estimated time shift of the seismic data traces to calculate an amplitude variation with 
azimuth value or a velocity variation with azimuth value in the seismic traces. Ruger 
discloses analyzing the reflection coefficient as a function of azimuth (page 939). Since 
the reflection coefficient is directly related to the amplitude, this is read as calculating 
the amplitude variation with azimuth. It would have been obvious to modify the digital 
computer system of Ruehle to include utilizing the estimated time shift to calculate an 
amplitude variation with azimuth as taught by Ruger in order to have the computer 
program give infonnation about the natural coordinate system of the underground 
formation (Ruger, page 940). 



Application/Control Number: 10/689,423 Page ig 

Art Unit: 3663 

With regard to claim 45, Ruehle discloses the digital computer of claim 40. but 
does not disclose utilizing the estimated time shift, reflection coefficient, source-receiver 
azimuth angle, and incidence angle for the seismic data traces to calculate an amplitude 
variation with azimuth. Ruger discloses utilizing reflection coefficient, source-receiver 
^azimuth angle, and incidence angle for the seismic data traces to calculate an amplitude 
variation with azimuth (Abstract, page 939). It would have been obvious to modify 
Ruehle to include utilizing the estimated time shift and reflection coefficients to include 
utilizing the source-receiver azimuth angle as taught by Ruger to calculate an amplitude 
variation with azimuthal angle in order to help find the orientation of the natural 
coordinate system of the subsurface (Ruger, page 940). 

With regard to claim 50, Ruehle discloses the computer of claim 49, but does not 
disclose that it is further programmed to perform a process utilizing the estimated time 
shift of the seismic data traces to calculate an amplitude variation with azimuth or a 
velocity variation with azimuth value. Ruger discloses variation of P-wave reflectivity 
with offset and azimuth that deals with amplitude variation. It would have been obvious 
to modify Ruehle to utilize the estimated time shift of the seismic data traces to calculate 
an amplitude variation with azimuth as taught by Ruger in order to check the accuracy 
of the data taken for a certain underground structure. 

With regard to claim 54, Ruehle discloses the system of claim 53, but does not 
disclose utilizing the estimated time shift of the seismic data traces to calculate an 
amplitude variation with azimuth or a velocity variation with azimuth value. Ruger 
discloses variation of P-wave reflectivity with offset and azimuth that deals with 
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amplitude variation. It would have been obvious to modify Ruehle to utilize the 
estimated time shift of the seismic data traces to calculate an amplitude variation with 
azimuth as taught by Ruger in order to check the accuracy of the data taken for a 
certain underground structure. 

With regard to claim 58, Ruehle discloses the system of claim 53, but does not 
disclose utilizing the estimated time shift, reflection coefficient, source-receiver azimuth 
angle, and incidence angle for the seismic data traces to calculate an amplitude 
variation with azimuth. Ruger discloses utilizing reflection coefficient, source-receiver 
azimuth angle, and incidence angle for the seismic data traces to calculate an amplitude 
variation with azimuth (Abstract, page 939). It would have been obvious to modify 
Ruehle to include utilizing the estimated time shift and reflection coefficients to include 
utilizing the source-receiver azimuth angle as taught by Ruger to calculate an amplitude 
variation with azimuthal angle in order to help find the orientation of the natural 
coordinate system of the subsurface (Ruger, page 940). 

Claims 5. 28, 32, 42, 55. and 63-67 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ruehle in view of Crider and Ruger. or Ruehle In view of Herkenhofl' 
and Ruger. 

With regard to claim 6. Ruehle discloses the method of claim 2. but does not 
. disclose detemiining the incidence angle for seismic data traces. He does not disclose 
calculating the amplitude variation with azimuth or the amplitude variation with offset by 
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applying a least squares analysis process to the reflection coefficient, source-receiver 
azimuth angle, and incidence angle for seismic data traces. Crider and Hericenhoff 
disclose determining the incidence angle and calculating amplitude variation with offset 
and with incidence angle as described in claim 3 above. Ruger discloses performing 
amplitude variation analysis with respect to azimuthal angle (4). Crider discloses 
applying a least squares analysis process to reflection coefficient and to angle of 
incidence (Column 10. Lines 33-60). Heri<enhoff also discloses applying a least 
squares analysis process to reflection coefficient and incidence angle for data traces 
(Column 3, lines 52-65). It would have been obvious to apply the same least squares 
analysis to the azimuth angle in the amplitude variation with azimuth taught by Ruger in 
order to generate best fits of the seismic data traces. 

With regard to claim 28, Ruehle and Ruger do not disclose utilizing the time shifts 
further comprising a least squares process analysis. Both Crider and Heri<enhoff 
disclose perfomiing least squares process analysis on seismic trace data. It would 
have been obvious to modify Ruehle and Ruger to include performing a least squares 
process on the data as taught by Crider and Herkenhoff in order to obtain best fit values 
for specific parameters, including azimuthal angle, amplitude, and reflection coefficient. 

With regard to claim 32, Ruehle does not disclose detemiining the incidence 
angle for the traces In the gather. He does not disclose calculating the amplitude 
variation with azimuth or the amplitude variation with offset by applying a least squares 
analysis process to the reflection coefficient, source-receiver azimuth angle, and 
incidence angle for seismic data traces. Crider and Heri^enhoff disclose determining the 
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incidence angle and calculating amplitude variation with offset and with incidence angle 
as described in claim 3 above. It would have been obvious to modify Ruehle to include 
detemining the incidence angle for the traces as taught by Crider and Herkenhoff. 
Ruger discloses performing amplitude variation analysis with respect to azimuthal angle 
(paragraph 4). Crider discloses applying a least squares analysis process to reflection 
coefficient and to angle of incidence (Column 10, Lines 33-60). Heri^enhoff also 
discloses applying a least squares analysis process to reflection coefficient and 
incidence angle for data traces (Column 3, lines 52-65). It would have been obvious to 
modify Ruehle to apply the same least squares analysis to the azimuth angle in the 
amplitude variation with azimuth taught by Ruger in order to generate best fits of the 
seismic data traces. 

With regard to claim 42, Ruehle and Ruger disclose the computer program of 
claim 41 , but do not disclose a least squares analysis process for utilizing the estimated 
time shifts to calculate an amplitude variation with azimuth. Crider discloses applying a 
least squares analysis process to reflection coefficient and to angle of incidence 
(Column 10, Lines 33-60). Herkenhoff also discloses applying a least squares analysis 
process to reflection coefficient and incidence angle for data traces (Column 3, lines 52- 
65). It would have been obvious to modify Ruehle to apply the same least squares 
analysis to the azimuth angle in the amplitude variation with azimuth taught by Ruger in 
order to generate best fits of the seismic data traces. 

With regard to claim 55, Ruehle and Ruger disclose the system of claim 54, but 
do not disclose a least squares analysis process for utilizing the estimated time shifts to 
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calculate an amplitude variation with azimuth. Crider discloses applying a least squares 
analysis process to reflection coefficient and to angle of incidence (Column 10, Lines 
33-60). Herkenhoff also discloses applying a least squares analysis process to 
reflection coefficient and Incidence angle for data traces (Column 3, lines 52-65). It 
would have been obvious to modify Ruehle to apply the same least squares analysis to 
the azimuth angle in the amplitude variation with azimuth taught by Ruger in order to 
generate best fits of the seismic data traces. 

With regard to claim 63, Ruehle discloses a method for processing seismic data 
to estimate a time shift comprising foniiing a gather of seismic data traces (Column 2, 
Lines 5-9). He discloses cross-correlating seismic data traces included in the gather 
within a time window to estimate a time shift in the seismic data traces (Column 2, Lines 
14-23). He does not disclose utilizing the estimated time shift of the seismic data traces 
to calculate an amplitude variation with incidence angle, an amplitude variation with 
azimuth or a velocity variation with azimuth value. Ruger discloses variation of P-wave 
reflectivity with offset and azimuth that deals with amplitude variation. It would have 
been obvious to modify Ruehle to utilize the estimated time shift of the seismic data 
traces to calculate an amplitude variation with azimuth as taught by Ruger in order to 
check the accuracy of the data taken for a certain underground structure. Heri^enhoff 
discloses performing an amplitude variation with incidence angle analysis on adjusted 
seismic data traces (Fig. 3,4,7,8). It would have been obvious to modify Ruehle to 
Include perfonnlng amplitude variation based on incidence angle as taught by 
Herkenhoff in order to easily follow changes in amplitude that would allow determination 
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of characteristics of a hydrocarbon well. Crider discloses perfomning an amplitude 
variation with incidence angle on adjusted seismic traces (Column 12. Lines 45-65). It 
would have been obvious to one skilled in the art to modify the time-shifted traces 
disclose by Ruehle to include performing an amplitude variation based on incidence 
angle as taught by Crider in order to remove unwanted reflections from the data. 
1/Vith regard to claim 59, Ruehle discloses the system wherein the process for 
estimating the time shift further comprises cross-correlating the seismic data traces with 
a pilot trace composited from a plurality of traces (Column 2. lines 15-25). 

With regard to claim 64. Ruehle discloses estimating a time shift in seismic data 
traces comprising cross-con-elating seismic data traces with a pilot trace comprised 
from a plurality of traces included in a gather (abstract; Column 2, Lines 8-25). Ruehle 
discloses a method for forming a pilot trace comprising compositing a plurality of traces 
within a predetermined spatial time window within a gather of seismic traces (Column 2, 
Lines 5-25). 

With regard to claim 65, Ruehle discloses using the estimated time shift in the 
seismic data traces for determining an anisotropy time shift con-ection for the seismic 
data traces (Column 2, Lines 15-21). Ruehle's disclosure of determining the static time 
shifts for each trace by the estimation method of cross correlation is read as estimating 
the time shift for each trace. 

With regard to claim 66. Ruehle discloses applying the anisotropy time shift 
correction to the seismic traces (Column 2. Lines 20-25) to form corrected seismic 
traces. 
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With regard to claim 67, Ruelile discloses determining a surface consistent 
statics con-ection for seismic data traces (Column 1, lines 39-46 and Column 2, Lines 
20-26). 



Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ruelile in 
view of Byun, 

With regard to claim 6, Ruehle does not disclose applying a least squares 
analysis process to the time shift of the seismic data traces. Byun discloses performing 
a least squares best-fit analysis of the time shifts (Column 7 Line 51 - Column 8 Line 4). 
It would have been obvious to modify Ruehle to include a best fit analysis of the time 
shift values as taught by Byun in order to optimize the accuracy of the correction of 
velocity functions for the traces. 

Claims 7 and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Ruehle in view of Crider and Byun. 

With regard to claim 17 and 18. Ruehle discloses forming a gather of seismic 
traces and forming a pilot trace by combining a selected plurality of seismic traces 
within a time window (Column 2. Lines 1-20). Ruehle discloses determining a surface 
consistent statics con-ection for seismic data traces (Column 1 , lines 39-46 and Column 
2, Lines 20-26). Ruehle discloses cross-con-elating successive selected seismic data 
traces in the gather to estimate a time shift in the seismic data traces included in the 
gather (Abstract). He does not disclose applying a least squares analysis process to 
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the time shifts of the seismic data traces to calculate velocity variation with azimuth. 
Ruehle does disclose calculating time shifts in the seismic data traces and applying the 
time shifts to the data traces (Column 2, Lines 15-25). Ruehle does not disclose 
applying a least squares analysis process to reflection coefficient, source-receiver 
^ azimuth, and incidence angle data for the seismic traces. Byun discloses performing a 
least squares best-fit analysis of the time shifts (Column 7 Line 51 - Column 8 Line 4). 
It would have been obvious to modify Ruehle to include a best fit analysis of the time 
shift values as taught by Byun in order to optimize the accuracy of the con-ectlon of 
velocity functions for the traces. Crider discloses applying a least squares analysis 
process to reflection coefficient and to incidence angle data. Although Crider does not 
disclose performing a least squares analysis process to source-receiver azimuth, it 
would have been obvious to include source-receiver azimuth in the least squares 
analysis taught by Crider if that were one of the parameters of interest. Crider discloses 
performing an amplitude variation with incidence angle on adjusted seismic traces 
(Column 12, Lines 45-65). It would have been obvious to one skilled in the art to modify 
the time-shifted traces disclose by Ruehle to include performing an amplitude variation 
based on incidence angle as taught by Crider in order to remove unwanted reflections 
from the data. Crider further discloses applying a least squares analysis process to 
reflection coefficient (amplitude) and to angle of incidence (Column 10, Lines 33-60). It 
would have been obvious to modify Ruehle to include performing a least squares 
analysis process with the estimated time shifts used to calculate amplitude variation 
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with Incidence angle data as taught by Crider in order to obtain best fit values for the 
data. 
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Claims 13 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Thompson et aL in view of HerkenhoflF et ai. and further in view of "Variation of P-Wave 
Reflectivity with Offset and Azimuth in Anisotropic Media'', Ruger (Referred hereafter as 
Ruger). 

Referring to claim 13, Thompson et al. discloses a method for processing seismic data to 
estimate time shift resulting from velocity anisotropy in the earth's subsurface, comprising: (a) 
forming a gather of seismic data traces; (b) forming a pilot trace by combining a selected 
plurality of the seismic data traces withm a selected tune window (col. 21, lines 35-36); (c) 
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GTOss-coirelating a selected seismic data trace included in the gath^ vnih the pilot trace to 
estimate the time shift in the selected seismic data trace resulting from velocity anisotropy in the 
earth's subsurface (coL 4, lines 22-32; coL 21, lines 40-42; figures 6 and 10-1 1); repeating steps 
(b) and (c) imtii all seismic data traces within the gather have been cross-correlated with a pilot 
trace (figures 6 and 10-1 1); and adjusting each selected seismic data trace by the amount of the 
estmiated tune shift in each selected seismic data trace resultmg from velocity anisotropy (col 
28, lines 1-3; figures 6 and 10-1 1). 

Thompson et al. does not disclose a method for processing seismic data, comprising 
determining the incidence angle for eadi selected data trace and applying a least squares analysis 
process to reflection coefficient, source-receive azimuth angle and incidence angle data of the 
seismic data traces to calculate the amplitude variation with azimuth and amplitude variation 
with offset in seismic data traces included in the gather. 

Herk^off et al. discloses a method for processing seismic data, comprising determining 
the incidence angle for each selected seismic data traces (figures 2-4); and applying a least 
■ squares analysis process to reflection coefficient and incidence angle data of the seismic data 
traces to calculate the amplitude variation with offset in seismic data traces included in the gather 
(col. 3, lines 37-65; figures 7-8 and lOA-lOB). 

Herk^off et al. does not disclose a method for processing seismic data, comprising 
applying a least squares analysis process to reflection coefficient and source-receiver azunuth 
angle to calculate the amplitude variation with azimuth in seismic data traces included in the 
gather. 
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Rugo' discloses a method for processus seismic data, comprising applying a least 
squares analysis process to reflection coeffidoit, source-receiver aamuth angle and incidence 
angle data of the seismic data traces to calculate the an^litude variation with azimuth in seismic 
data traces included in the gather (page 937, equations 1, 2, and 5; figures 1, 2, and 3 on pages 
937-939). 

Acxx)rdingly, it would have been obvious to one having ordinary skill in the art at the 
time the invention was made to have applied the least squares analysis process to reflection 
coefficient, source-receiver azimuth angle and incidrace angle data of the seismic traces to 
calculate the amplitude variation with azimuth as desaibed m the Ruger reference and the 
aniplitude variation with offset as desoibed in the Herk^off et aL reference in seismic data 
traces included in the gather into the method of Thompson et aL to improve locating the 
positions of the reflecting interfaces indicative of potential oil resarvoks or other geological 
phenomenon of interest. 

As to claim IS, Thompson et al./Herk^off et aL/Ruger do not disclose a method for 
processing seismic data comprising utilizing a least squares analysis to estimate errors associated 
with the calculation of amplitude variation in the selected seismic data traces. 

However, it would have been obvious to one having ordinary skill in the art at the time 
the invention was made to have utilized a least squares analysis to estimate errors assodated with 
the calculation of amplitude variation in the selected seismic data traces for having a more 
accurate approximation in calculating the amplitude variation to eliminate the numbers of 
calculations to cut cost and save time. 
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Claims 14 and 16-17 are rgected under 35 U.S.C. 103(a) as being unpatentable over 
Thompson et aL in view of Byun et al.. 

Referring to claim 14. Thompson et al. discloses a method for processing seismic data, 
comprising: (a) forming a gather of seismic data traces; (b) forming a pUot trace by combining a 
^ selected pluraUty of the seismic data traces within a selected time window (col. 21, lines 35-36); 
(c) cross-correlating a selected seismic data trace included in the gather with the pUot trace to 
estimate the time shift in the selected seismic data trace resulting from velocity anisotropy in the 
earth's subsurface (coL 4. Unes 22-32; coL 21, lines 40-42; figures 6 and 10-11); repeating steps 
(b) and (c) untU aU sdsmic data traces within the gather have been cross-correlated with a pUot 
trace (figures 6 and 10-1 1). 

Thompson et aL does not disclose a method for processing seismic data comprising 
applying a least squares analysis process to the time shifts of the seismic data traces to calculate 
the velocity variation with azimuth in seismic data traces included in the gather. 

Byun et aL discloses a method for processing seismic data comprising applying a least 
squares analysis process to the time shifts of the seismic data traces to calculate the velocity 
variation with azimuth in seismic data traces included in the gather (coL 7, lines 5 1 -67; and coL 
8, lines 1-4). 

Accordingly, it would have been obvious to one having ordinary skill in the art at the 
time the invention was made to have appUed a least squares analysis process to the time shifts of 
the seismic data traces to calculate the velocity variation with azimuth in seismic data traces 
included in the gather as described m the Byun et aL refer«ice into the method of Thompson et 
aL to improve estimating velocity and dip for each of the subsurfece layers to identify gaseous 
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hydrocarbon coataining formations and referring changes in the geological character of the 
formations in seismic exploration. 

As to claims 16-17, Thompson et aL/Byun et al. do not disclose a method for processing 
seismic data fiirther comprising utilizing a least squares analysis to estimate errors associated 
with the calculation of time shift variation and velocity variation in the selected seismic data 
4 ^ traces. 

However, it would have been obvious to one having ordinary skill in the art at the time 
the invention was made to have utilized a least squares analysis to estimate mors assodated \^th 
the calculation of time shift and velocity variations in the selected seismic data traces for having 
a more accurate appro^dmation in calculating the velocity variation to eliminate the numbers of 
calculations to cut cost and save time. 
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Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

Roche, who discloses a method correcting amplitude of seismic traces. 
' Bodine, who discloses a method of processing seismic data. 

Gaiser. who discloses amplitude variation with azimuth methods. 



Any inquiry concerning this communication or eariier communications from the 
examiner should be directed to Scott A Hughes whose telephone number is 703-305- 
0430. The examiner can normally be reached on 8:30 am - 6:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Thomas Tarcza can be reached on 703-306-4171. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Infomriation regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status Information for unpublished applications is available through Private PAIR only. 
For more infomiation about the PAIR system, see http://pair-dlrect.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 
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